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Tripolye Mega-Sites: “Collective Computational Abilities” of
Prehistoric Proto-Urban Societies?
Johannes Müller*, Robert Hofmann, and Mila Shatilo
Abstract: In the East European region between Prut and Dnieper, proto-urban mega-sites developed ca.
4100−3600 BCE with population agglomerations of around 10000 inhabitants per site. An outline of
complexity categories, based on P. Turchin et al. (2018), illustrates that “computational abilities” are first
developed to make the shift from dispersed to agglomerated settlement patterns. The development of an internal
decision-making system for a polity that organizes communication via public buildings on different levels,
together with a site-specific track system, may be responsible for this shift (or made it possible). However, after
generations, this communication pattern was not developed into further collective communication abilities (e.
g., into a writing system), while at the same time a tendency toward centralizing decision processes probably
destroyed the communication flow. This ultimately led to the collapse of Tripolye mega-sites.
Key words: non-state societies; social constitution; Chalcolithic mega-sites; Tripolye

1

Introduction

The Chalcolithic Tripolye societies (ca. 4800−3000
BCE), known mainly from Moldova and the Ukraine,
have repeatedly become the focus of interest, as
extraordinary large settlements existed in the middle
phase ca. 4100−3600 BCE (Fig. 1)[1−4].
Population figures of possibly up to 15000 persons per
mega-site are reconstructed for these sites, which are
exceptional for prehistoric Europe. A distinction must be
made between the entire Tripolye distribution area and
the areas in which large settlements occur in
concentrations. According to the present state of
research, these dense concentrations are mainly in the
Ukrainian Sinyukha River area (Fig. 2). The question
arises about the computational abilities of the settlement
units defined here as quasi-polities, because these
mega-settlements develop, on one hand, from relatively
small settlement contexts to qualitatively different,
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larger settlement types, but collapse, on the other hand,
relatively abruptly around 3700/3600 BCE. In terms of
the Threshold Model set forth in the introductional
contribution by Kohler et al. introducing this special
issue, these polities probably have populations less than
those typically observed for polities at the Scale
Threshold (around 23000−48000), but, in contrast, they
likely exceeded the typical size of the largest settlements
(around 5400−9400) in polities at this threshold. They
might therefore be viewed as entities that are bumping
up against the limits of what can be organized without
notable improvements in collective computation,
according to this model.

2

Characteristics of the Tripolye Mega-Sites

The Cucuteni-Tripolye cultural complex is a
phenomenon that emerges in the eastern Carpathian
foothills from about 5200 BCE with the first Precucuteni
settlements and becomes characteristic for a large part
of the forest-steppe areas up to and even beyond the
Dnieper, i.e., up to Kiev, mostly from 4800 BCE
onwards[8, 9]. The cultural appearance is characterized
from the early beginnings by concentric settlements of
circular-to-oval rows of houses, the absence of
archaeologically provable systematic burials, an

© The author(s) 2022. The articles published in this open access journal are distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1 Distribution of Tripolye sites > 30 hectares. Sites > 100 hectares are denoted as mega-sites, which are concentrated in the
Sinyukha River region. The potential natural border is mapped between forest steppe and steppe after Ref. [5] (from Ref. [6]).
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Fig. 2 Size differences among settlements of the Sinyukha River Basin (ca. 3800−3670 BCE), visualizing population
concentration and nearest neighbor rank (from Ref. [7]).

agrarian mode of production with the use of arsenic
copper, specific elaborated ceramics, and the presence

of figurines (Fig. 3).
From about 4100/4000 BCE on, extraordinary
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Fig. 3 In the mega-site Maidanetske (ca. 3950−3650 BCE), 2950 houses have been documented. They are distributed in 9
concentric rings and additional inner quarters with radial tracks around a free central area. The exceptional buildings are megastructures located at special locations of the track system. Some are located with regular spacing in the ring corridor, an open,
hundred-meter-wide public zone. (Red buildings: Mega-structures at the primary plaza. Yellow buildings: Mega-structures in the
ring-corridor. Blue buildings: Mega-structures at different positions of radial trackways). The causewayed enclosure was built in
the first phase of the settlement (see Refs. [6, 10]).
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changes become recognizable, among them the
considerable enlargement of settlements in some areas to
sizes of more than 100 hectares (the so-called “megasites”), the introduction of a range of monochromic and
bichromic painted pottery styles and specific pottery
kilns, and the appearance of “special goods” (e.g.,
ceramic house and sledge models). After about 3650
BCE, these agglomerated domestic contexts disappear
again. Diversity of different regional developments is
detectable until ca. 3000 BCE. Tripolye societies were
always non-literate. Nevertheless, they were complexly
developing societies, the characteristics of which can be
summarized in a more structured way with the categories
differentiated by Turchin et al. (2018)[11].
2.1

Polity population

Turchin et al. (2018)[11] use the term polity as “an
independent political unit that ranges in scale from
groups organized as independent local communities to
territorially expansive, multiethnic empires” (see
Ref. [11]). According to this terminology, we can
consider the entire Tripolye area as a quasi-polity, since
a specific common culture, a characteristic economic
system, and a distinct socio-environmental landscape
pattern are visible, which distinguishes Tripolye from
other contemporaneous societies[5, 12−14]. However, with
a high probability we can assume that it was not a
political entity at all, but rather an intercultural space that
consisted of numerous independent political units.
Based on the convex graph of nearest neighbor site
distributions (see Ref. [7]), we deduce societies with a
highly developed agrarian complex and political
fragmentation of the main units (see Ref. [15]).
Consequently, we consider an individual or a cluster of
neighboring domestic sites as a “polity”. In this sense,
the term was already used for mega-sites[16, 17].
Accordingly, the term “polity” is used in the sense of
autonomous communities, as already developed by
Colin Renfrew in his definition of peer-polity interaction
for his discussion of Greek polities[18]. For the mega-site
phase, we assume that each of these mega-sites is an
autonomous political unit (Fig. 4).
The population size of the polity defined in this way is
thus 5000−15000 people (cp. Ref. [19, 20]). In contrast
to medieval European cities, for example, Tripolye
mega-sites are not accompanied by rural areas with
smaller satellite settlements: all or most of the population
is concentrated in the mega-sites. For the large

settlement of Maidanetske, calculations based on
detailed chronological analyses for the 38th century
BCE resulted in an estimate of about 1520
simultaneously existing houses with a population of
3150−17560 (median 6200) inhabitants[6].
If a loose political association existed in the Sinyukha
River area, which is our primary reference here, we
would reconstruct a population of about 20000−40000 in
an area of about 2500 km2 (8−16 p/km2), where p =
persons, but with a concentration of about 15000−30000
inhabitants in an area of 300 km2 (about 50−100 p/km2).
A large part of this population lives simultaneously in
the mega-sites Dobrovody, Maidenstke, Nebelivka, and
Talianki (Figs. 2 and 4)[1, 6, 7].
2.2

Polity territory

The polity territory can be described on different levels.
If a quasi-territory is to be identified according to the
standard (in Ref. [21]), this is the ca. 200000 km2 for the
Tripolye phenomenon. In contrast to this overall
Tripolye distribution area with hundreds of small to big
sites, within the Tripolye mega-site region during the
occupational phase of the mega-sites, nearly only
mega-sites existed. If we refer to the constellation in the
mega-site region, here we are faced with a central area
of 1900 km2 (site density 0.01 sites/km2) and a
concentration of settlements in a 300 km2 area
(0.02 sites/km2) (see Ref. [6]). In fact, however, we
assume that political control was directly present in each
mega-site and, accordingly, that the actual territory is
comprised of the site catchment areas of the mega-sites.
For example, the corresponding modeling (see
Ref. [12]) results in a territory at Maidanetske that is in
principle 4.1 km in radius (land-use territory), or about
27150 hectares (ca. 200 ha woodland use, ca. 23500 ha
pasture, and ca. 3450 arable land).
2.3

Capital population

Evidence of “capital cities” is lacking from Tripolye
societies. While there is considerable variation in size
between settlements when considering the total territory,
we assume that the mega-sites we consider here are
individual polities. In this respect, while there is a
population estimate for the largest settlements between
5000−15000 inhabitants, these certainly do not represent
capitals in the strict sense.
2.4

Hierarchy

In the mega-sites, we identify several levels of decision-
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Fig. 4 An exemplary area with the largest-known mega-sites: Talianki (3.2 km2) and Maidanetske (3 km2), 15 km from the
Talianki River catchment area in the Sinyukha River region. The small number of small domestic sites indicates that the great
majority of the population was concentrated in mega-sites. We consider each mega-site as a separate polity (from Ref. [6]).

making. This is based on an interpretation of site plans,
houses, house rings, and the existence of so-called megastructures, such as club- or assembly-houses, which are
different from the usual houses, and specialized kilns,
which represent a production level beyond household
production.
A complicated system of rules and networks existed
at different social levels (Fig. 5), which we reconstruct
by bringing together the still mosaic-like state of
evidence[22, 23]: (1) the household level, with open
communication between neighbors and the whole
settlement, linking neighboring households but not
separating them from others (the peaceful neighborhood
principle); (2) the specialization between households at
an economic level with respect to their integration in
processing primary and secondary products; (3)
household clusters of 5 houses on average, which
spatially link households for reasons unknown until now
(the residential house-ring principle of generational
contracts/lineages?). These house clusters are usually
associated with extended families[24]; (4) the economic

and political linkage of households to quarters,
represented by mega-structures as the focal point and by
supra-household economic specializations (the
mega-structure principle); (5) the overall settlement,
which needs a political institution to direct the spatial
planning of the whole site and perhaps combined
economic activities (the mega-site principle).
Consequently, an individual in a mega-site was bound in
at least five identities, which operated at different spatial
and non-spatial levels. In principle, we do not recognize
any hierarchies here superficially, but different levels of
decision-making.
2.5

Government

In Tripolye, we cannot identify a “government” in and
of itself. However, we can identify an integrative
architecture among buildings for the whole community
at different spatial levels within the large settlements,
which certainly reflects the main decision-making
system[10]. “A completely new category of large
buildings characterized by their highly visible
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Fig. 5 As in many societies, individuals of the mega-site Maidanetske are involved in different identities and decision-making
processes. Residential decision-making processes range from households to neighborhoods and quarters to the overall settlement.
In addition, kinship and economic levels are indicated. The numerical values correspond to the approximate number of involved
households. At least neighborhoods, quarters, and overall settlements are bundled by common buildings of different sizes, the socalled mega-structures (from Ref. [22]).

positioning in public spaces was discovered through
high-resolution magnetic surveys over the last decade.
Since these so-called ‘mega-structures’ might represent
examples of such ‘integrative architecture’, their
importance for the understanding of Tripolye societies
can hardly be overestimated” (see Ref. [10]). Thus, we
assume that the mega-structures oriented at nodes of
communication in the large settlements are localities of
decision-making, as we know from many societies with
integrated architecture (Fig. 6) (cp. Refs. [25, 26]).
Since these special buildings vary in size and can be
divided in up to four size classes with specific spatial
locations at a plaza, in the ring corridor, radial streets,
and the settlement outskirts, we suspect that this is where
the actual decision-making takes place, in addition to the
different identity patterns of individual residents and
households outlined within a “hierarchy”. The different
size classes reflect these decision-making patterns from
a “lower” level (up to 150 houses) to the total settlement
(up to 1750 households). This principle of
decision-making allowed, at least for a few generations,
“governance” of even the large settlements despite the
absence of a writing system. In Maidanetske and
Nebelivka, “governance” is certainly represented by
meetings that took place (certainly connected with ritual
practices) in the up to 700 m2 special buildings. Insofar,
the mega-site region is different than other Tripolye
regions, where the decision-making process between
smaller sites still has to be analyzed.

2.6

Money

In Tripolye, no monetary system of exchange exists.
There are, however, usually small conical ceramic
objects that are often denoted as “tokens” in the
archaeological literature. With the exception of
Maidanetske, taphonomic and statistical analyses that
would give an indication of a function of these objects
as tokens are still lacking. In contrast to some other
sites[27], in Maidanetske a manifold of contexts (e.g., pits,
houses, and a mega-structure) were excavated and the
appearance of “tokens” could be analyzed. On the basis
of a comparison of house inventories at Maidanetske,
Ohlrau states that: “we can conclude that there were
notable differences between households, which were of
complementary nature. Households with ‘rich’
inventories, such as hoards, show possible items of trade
with the presence of tokens, whereas trade goods, such
as pottery imports, are found in other households
specialized in textile production. Items for food
preparation are found in most dwellings and a higher
amount of these items seem to be related to larger
families with multiple living rooms.” (see Ref. [6]) This
may be interpreted as an indication that we record a
pre-monetary exchange system with the so-called tokens,
which is quite comparable to what we know from the
Near Eastern Chalcolithic (cp. Refs. [28, 29]). Tokens
are recorded beginning in Tripolye B1 (see Ref. [19])
from all known settlements. This could also be another
argument that a pre-monetary exchange system
developed in Tripolye by ca. 4450 BCE. Yet, the
interpretation of Tripolye tokens not as economic aids,
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Fig. 6 Mega-structures are special buildings that differ in size and conception from the normal houses of mega-sites. The
medium-sized mega-structure 3 at Maidanetske, for example, occupies a courtyard and a roofed building with different activities.
Communal production and consumption at this building can be demonstrated. Its location in the ring corridor also suggests a
communal function for decision-making, as we know from many examples of integrative architecture (drawing: Robert Hofmann/
Susanne Beyer UFG Kiel).

but also as toys or gaming pieces, is still possible[30].
2.7

Infrastructure

For the mega-sites, various aspects are crucial for the
functioning of the polity: the spatial organization,
especially the system of tracks, is visible in the site plan
and it is important for the structuring of communication
in interaction with the mentioned mega-structures
(Fig. 3). The connection of the mega-structures with
their placement in the road system maintains the
functioning of the polity. The so-called ring corridor, a
non-built public space occupied only by individual
mega-structures, which in its oval or circular structure
enabled rather egalitarian behavior, is significant in this
respect.
2.8

Information system

Information systems in the true sense are absent in
Tripolye. In fact, however, for both the large settlements

Talianki and Maidanetske, it has been demonstrated on
the basis of statistical ceramic analyses that while vessel
forms develop chronologically, ceramic decorations do
not (see Refs. [6, 7], cp. also Refs. [31−33]). Accordingly,
we consider settlement-specific decoration diversity as
an information system that visually represents
similarities and differences between households and
other units. In addition, there are so-called “signs” on
empty areas surrounded by other decorations, which
often depict realistic motifs (e.g., dogs). The different
frequency of corresponding signs at different stages of
development might indicate the special role of these
signs (see Ref. [7]).
With these categories, we are able to characterize the
mega-site phase of Tripolye development. In the
following, we will primarily consider each mega-site as
a polity, which of course had a certain preceding history.
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Population Agglomerations and Logistic
Changes

To understand the mega-sites as polities and how they
changed qualitatively through time, we need to place
them in overall population trajectories.
3.1

Population development

The demographic scale of the mega-sites is
fundamentally different from that of settlements known
from early (beginning ca. 4800 BCE) and middle
Tripolye (beginning ca. 4450 BCE) (see Ref. [20]). If
we use the size of the settlements as a proxy for
population size, the following trends emerge (Fig. 7) (see
Ref. [6]):
• Ca. 4800−4450 BCE (Tripolye A), site sizes range
from 0.5−11 ha with a median of 2 ha; sites above 4 ha
are present as outliers. Larger settlements are located
along the assumed border between forest steppe and
steppe.
• Ca. 4450−4150 BCE (Tripolye BI), site sizes increase
dramatically[34]. While average settlements encompass
the whole range of the previous phase with values
between 0.02−10 ha, Onopriivka I marks the largest site
with around 47 ha.
• Ca. 4150−3950 BCE (Tripolye BI-II), site sizes do
increase further and now pass the technically defined
mega-site threshold of over 100 ha, while average
settlements remain at ca. 0.1−15 ha. Vesely Kut is one
of the largest sites at around 60 ha, located between the
Sinyukha River and the Southern Bug River. Other sites
of ca. 80 ha are also found further to the east in the
Middle Dnieper region.

Site size (hectare)

1000

Minimal area
Median area
Maximal area

100

10

1
0
3500

3750

4000
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4250

4500

Fig. 7 Size development of Tripolye settlements in hectares
as a proxy for population sizes, based on Ref. [6].

• Ca. 3950−3800 BCE (Tripolye BII), the largest sites
are still concentrated between the Sinyukha and the
Southern Bug Rivers, with Nebelivka measuring around
260 ha. Average sites measure between 0.01−35 ha, and
different sites now pass the technically defined
mega-site threshold of over 100 ha.
• Ca. 3800−3650 BCE (Tripolye CI), the near
exponential growth reaches its peak. In extent, Talianki
represents the largest overall “mega-site” with around
320 ha, while the densest agglomeration is observed at
Maidanetske with around 2950 buildings.
• Ca. 3650−3575 (early Tripolye CII) in the core area
of the “mega-site” phenomenon, the last large
settlements of Kosenivka and Vilkhovets I mark the end
of these giant settlements with sizes from 80−90 ha.
In summary, around 4100 BCE, a normal-sized
settlement does not exceed 15 ha. Further size increases
occur in the mega-site category.
Due to the detailed excavations at Maidanetske, a
division of the site internal sub-phases was detected,
demonstrating that we can even reconstruct certain
phases with different population sizes for mega-sites
(Fig. 8) (see Refs. [6, 19]).
A total of 2930 dwellings is estimated for Maidanetske.
To calculate the total number of coeval dwellings, René
Ohlrau summed up the ranges of radiocarbon dated
dwellings as a simplified approximation to a summed
probability distribution[6], used elsewhere for
large-scale demographic studies (e.g., Ref. [35]). The
occupation at Maidanetske starts relatively modestly
with around 5% coeval buildings (around 145
households; floor area 3571 m2) during the initial
occupation phase. Based on per-capita floor area
requirements[36], this adds up to an initial population of
300−1690 coeval inhabitants (median 600). During the
second occupation phase (ca. 3900−3850 BCE), around
21% of the buildings probably existed at the same time
(ca. 615 households, floor area 15000 m2). The coeval
population ranges between 1270−7090 inhabitants
(median 2500). The occupation at Maidanetske reaches
its peak with a rapid boom in the third occupation phase
(ca. 3800−3725 BCE). Possibly around 52% of all
buildings were then in use (ca. 1520 households, floor
area 37140 m2). The coeval population ranges between
3150−17560 inhabitants (with a median of 6190).
During the decline of Maidanetske, around 26% of the
dwellings remain occupied (760 households, floor area
18570 m2). In this last phase, a coeval population can be
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Fig. 8 Potential number of contemporary buildings per time interval based on the 68.2% probability distribution ranges of
calibrated or modelled termini ad quos dates for a total of 2930 houses at Maidanetske (from Ref. [6]).

estimated between 1575−8780 inhabitants (median
3100). On average, the population density for
Maidanetske phases 3 and 4 ranges from 14.7 to 36.4
inhabitants per hectare, overall with an estimated total
of 5400−9400 inhabitants.
We thus recognize a big difference between the
average ca. 15 ha large settlements dominant until ca.
4100 BCE, in which an average of ca. 100 houses (500
inhabitants) is documented, and the layout and size of the
following mega-sites. It remains significant that at the
beginning of Maidanetske phase 1—despite the large
settlement space already laid out in the original shape of
the enclosure—about 300−1690 inhabitants were
estimated, thus exhibiting a population size not unusual
for the preceding settlements. With the second phase and
finally the third phase, a large difference emerges, which
elevates the system to a new category: settlements in
which the members could no longer all know each other
personally.
With the increasing population numbers in the
settlements, we recognize a system in which an
agglomeration of the population takes place in a specific
area. Therefore, we can assume an intrinsic growth rate
including immigration from neighboring groups, based
on calculating a log-log transformed linear model of the
regional number of dwellings per phase (see Ref. [6]) of
0.417% per annum
r2 = 0.241

or, based on mortuary remains,
3.2

(1)

0.3%[20].

Technological changes and changes in the
information system

There was obviously a demographic thinning of certain
regions and agglomeration in other areas[7]. What made

these population agglomerations possible? A limiting
factor would have been the increase in distance to the
cultivated areas of the agglomerated settlements within
their catchments. Probably the introduction of sledges
that can be used through a track system within the large
settlements as well as in the surrounding areas solved
these shortcomings. Their occurrence is spatially limited
almost exclusively to the Sinyukha region ca.
3810−3670 BCE (see Ref. [7]). This regional and
temporal concentration at mega-sites attests to the
importance of the new tracking technology for
settlement agglomerations (see Ref. [7]). In addition to
changes in transportation, technological changes in the
artisanal sector enabled the concentration of larger
populations. Logistically, this includes the innovation of
two-chamber pottery kilns, which enabled the
production of large quantities of pottery[37]. This
innovation occurs around 3950 BCE (Tripolye BII).
Such logistic changes enabled the emergence of these
large settlements. Doubtless other new technologies
were also introduced for which archaeological evidence
is not yet available.
Furthermore, it is significant that cognitive conceptual
site planning becomes recognizable, which not only
enabled the establishment of smaller or medium-sized
domestic sites, but also that of the mega-sites. In
Maidanetske, the entire area of the site of the giant
settlement, more than 3 km2 in size, was first demarcated
by a causewayed enclosure before settlement began in
concentric circles of houses oriented to this oval
enclosure. An infrastructure (e.g., in the form of early
kilns) was also already installed by around 3950 BCE.
At Talianki, Mila Shatilo’s analyses indicate that here,
too, habitation of the outer house ring began first, before
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other house rings in the interior were inhabited.
Evidence for a very early pottery kiln is also at hand. In
Talianki, there is further evidence that property rights
were determined within the settlement: rows of houses
are not immediately built more densely, but demarcated
places remain free for houses built later (Fig. 9).
We know similar patterns from recent non-literate
societies, in which certain spaces are kept free for
subsequent household displacements[38]. To summarize,
both large settlements thus demonstrate how systematic
the conceptualization of the space was devised even at
the outset of their construction.

Changes in the Information System and
Collapses

So far, we cannot say why the “experiment” of
population agglomeration in giant settlements was
started, especially in a hitherto hardly populated area.
Sledges appear too late to contribute to this initial
aggregation. Ecological causes are also difficult to
318400

318800

In a study cited above, Hofmann was able to establish
that the number of mega-structures decreases in the
course of the existence of Tripolye mega-sites and that
a centralization process takes place[10]. While at their
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identify, since the carrying capacities were not exceeded
and no indications of climatically caused problems that
would promote population agglomeration were
identified[5, 12, 39]. Moreover, archaeological signs for
conflict as an impetus for aggregation are missing. In
contrast, the internal development of mega-sites and
their final collapse can now be better explained. Three
different observations are relevant here.

320800

Fig. 9 In Talianki (ca. 3900−3600 BCE), house datings prove the gradual settlement of the house rows. Apparently drawing on
prior planning, areas are obviously left free for later occupation (see Ref. [7]).
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and to enlarge and emphasize the public building, which
is responsible for the entire settlement, as a significant
change in the decision-making structures, and therefore
in the information system of a mega-site (Fig. 10).
4.2

Ceramics and feasting

Floor area (m2)

Parallel to this development, we can observe changes in
the domain of ceramic decoration in general. Using
indices that track innovation and simplification,
Shatilo[7] has observed the following (Fig. 11):
• Until ca. 3800 BCE, innovation/simplification index
values are almost balanced: a replacement of old motifs
by new ones takes place, indexing the dynamism that
obviously lies in the establishment of new households
within the mega-settlements (accelerated stylistic
change).
• In the 37th century BCE, the decorative changes are
initially extremely small, while around the turn of the
century, significant decorative changes are again
detectable. However, instead of leading to a new
equilibrium, in the 36th century BCE “the radical
‘pauperization’ of the assemblages, indicated by very
low innovation and very high simplification quotients,
prevails” (see Ref. [7]).
In our opinion, the reduction of changes in decoration
points to the decreasing innovation potential in the
Tripolye settlements.
Parallel to these fluctuating developments, a steady
increase in bowls and cups is evident, while the
proportion of closed or semi-closed tableware decreases
(see Ref. [7]). According to functional pottery analyses
1400
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Main plaza

(originally Ref. [40]), this would suggest an increase in
feasting activities at the household level. If so, we could
associate the reduction in the categories of public
mega-structures with an increase in communicative
activities at the household level.
4.3

Special objects and “signs”

As mentioned, certain objects are likely to express a
sense of a “new realism” for the inhabitants of the megasites, especially the ceramic models of houses and
sledges found at the large settlements. Furthermore, it is
striking that ceramic decoration at the local level has no
chronological relevance in either Talianki or
Maidanetske. Instead, decoration can be regarded as a
signaling system that served to identify and demarcate
households and neighborhoods. Here, so-called sign
systems—composed of signs in areas free of ceramic
decoration—play a role. Calculations of the relative
proportion of signs in such decorative open spaces
initially showed an increase, but then a decrease again in
the last settlement phase. A similar tendency towards an
increase in the number of “signs” in the overall region
was also noted by Taras Tkachuk[7, 33]. Such special
signs have sometimes been used as an argument for
script development in Tripolye. But unlike, e.g., potter
marks or rows of recurring signs in Vinca contexts of
Southeastern Europe, they are simply secondary
decorative elements and have nothing to do with
“writing” or “pre-writing”.
Unfortunately, there is currently a lack of research on
the tokens mentioned above. Nevertheless, we assume
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Fig. 10 Floor areas of Tripolye mega-structures in a diachronic view differentiated according to positions within settlements
(from Ref. [10]).
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Fig. 11 Indications of simplification and innovation in ceramic development during the mega-site phase of Tripolye (from
Ref. [7]).

that both tokens and the special sign systems indicate
changes in the reception of communication and
visualization, which, especially during the main phase
of development, indicate processes possibly tending
towards “writing” in other societies. However, this move
towards writing does not progress in the Tripolye
societies and the decrease in “signs” in the last stage of
one mega-site might indicate the “lost chance” for a
further development in pre-writing.

5

Summary

In order to synthesize the presented developments, a
Principal Component Analysis (PCA) was calculated
that combines variables on demography (settlement size,
number of settlements), integrative architecture and
communication (mega-structures, ring corridors),
habitus (ceramic styles, ceramic technology),
specialization (pottery kilns, flint production), possible
sign systems (special objects, signs), feasting on a
household level (cups and bowls), and on the ritual
domain (burials) for the different Tripolye phases
(Fig. 12).
The first two eigenvectors show eigenvalues of the
variables, which enable the interpretation of the vectors.
The first eigenvector—characterized by high population
numbers, integrative architecture and communication,
specialized
production
and
distribution,
the
transportability of sledges, and the importance of
“signs”—is likely to be interpreted as “complexity”. The
absence of systematic burials (until Late Tripolye) is also

evident. “Complexity” is used here in the sense of
Turchin et al. (2018) as: “a composite measure of the
various roles, institutions, and technologies that enable
the coordination of large numbers of people to act in a
politically unified manner” (see Ref. [11]). The second
eigenvector, in comparison, shows an emphasis on
burials, cups and bowls (“feasting on a household
level”) and the absence of special objects and
mega-structures.
With the two eigenvectors, we can relatively plausibly
map the evolution of the mega-site system (Fig. 13).
Thus, the eigenvalues of the individual phases show
a substantial increase in complexity from about 4200
BCE on, peaking around 3900 BCE and reaching a
certain plateau before an abrupt collapse by 3700 BCE.
The high intrinsic load of the variables ring corridor,
mega-structures, and pottery styles shows that especially
from ca. 4100−3800 BCE the collective computational
ability was so pronounced that the complex structures
and large settlements could develop. At the same time,
however, with the increase in importance of the 2nd
eigenvector, a reduction of these “abilities” within the
system is indicated, so that around 3650 BCE, the
collapse and a dispersed settlement mode re-emerge.
As already indicated above, we particularly recognize
the system of mega-structures and the communication
within the ring corridor and the track system as the
driving momentum that enabled the development of the
quasi-polity mega-site. Then, the already increasing
change of the communication structures with
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Fig. 12 Component loadings of the first two principal components for the first eigenvector indicate aspects of complexity and
communality (including mega-structures and ring-corridors). For the second eigenvector, elements of separation and
disintegration are indicated.
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Fig. 13 Component eigenvalues of the individual phases show a substantial increase in complexity from about 4200 BCE onward,
peaking around 3900 BCE and reaching a certain plateau before an abrupt collapse by 3700 BCE. The high intrinsic load of the
variables ring corridor, mega structures, and pottery styles shows that especially from ca. 4100−3800 BCE, the collective
computational ability of early mega-site communities can be described. The increase of component 2 (“separation”) indicates
increasing internal tension, which led to the collapse of mega-sites.

centralization, on one hand, and the emphasis of feasting
on the household level, on the other hand, symbolizes the
problems, which finally led to the collapse of the system.
In principle, the first eigenvector describes a
correlation between some of the “complexity
characteristics” of Turchin et al. (2018). The second
eigenvector, which is linked chronologically to younger

phases, might represent an increasing “lack of
correlation” among these factors, signaling a growing
separation and instability within the late Tripolye polity
system.

6

Interpretation

Overall, the archaeological remains of the mega-sites
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illustrate specific motivations that led to the formation
of larger population agglomerations and eventually to
their demise. Different studies suggest that from about
4100 BCE onwards, a previously scarcely settled area
was used by neighboring Tripolye communities to create
planned mega-sites. Why this abandonment of other
settlements took place still needs to be clarified in more
detail. It is possible that social conflicts within
corresponding groups led to migration and the
establishment of a new, community-oriented urban
concept. This cooperative concept, oriented towards
principles of equality (e.g., also presented in Ref. [41]),
led to an attractiveness of the new mega-sites. A
corresponding attractiveness was further supported by
the community’s intensive agricultural economy.
Isotope values refer to the intensive cultivation of the
immediate surroundings, which offered advantages for
nutrition that were certainly not present in smaller
settlements. At the same time, it was possible to herd
animals communally to more distant areas. The figurine
finds from the mega-sites point to an increasing realism
of artistic expression that seems to stand in contrast to
other settlements.
The agglomerated settlement pattern in mega-sites in
combination with the convex and primo-convex
deviation of the rank-size distribution of the sites (cp.
Ref. [7]) points to the economic and political
independence of the mega-sites from each other. Within
these autonomous groups, a dynamic set in that, on the
one hand, develops the democratic character with the
organization of the various decision-making levels, but,
on the other hand, also produces contradictory role
references due to the increasing size. The
“computational abilities” in the organization of the large
settlements, which are archaeologically verifiable, e.g.,
in the integrative architecture, are counteracted in the
course of the internal development by contradictory
developments: on the one hand, the increase in feasting
activities in the individual houses and, on the other hand,
by the centralization of decision-making processes,
visible in the reduction of the architectonical categories
of smaller and middle mega-structures (originally for
institutionalized decision-making on the lower and
middle level of the decision process). The PCA
presented here, in which these contradictions are
recognizable in principle, should be expanded in the
future to include further variables.
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